Dear Editor,

Tens of thousands of humans were infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) within a short period of time, and the infection spread quickly across China and throughout the world. Acute kidney injury (AKI) is one of the important complications of the 2019 novel coronavirus disease (COVID-19), occurring in 0.5--7% of cases and in 2.9--23% of ICU patients \[[@CR1]--[@CR3]\]. However, whether the AKI of COVID-19 is caused by a coronavirus-induced cytopathic effect or cytokine storm-induced systemic inflammatory response remains unclear.

Similar to SARS-CoV infection, the spike (S) protein of SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2), a host cell receptor, and the S protein is activated and cleaved by cellular transmembrane serine proteases (TMPRSSs), allowing the virus to release fusion peptides for membrane fusion \[[@CR4]\]. Therefore, the coexpression of ACE2 and TMPRSSs is a key determinant for the entry of SARS-CoV-2 into host cells, and improves host conditions for coronavirus.

To deduce the underlying mechanism of AKI during the COVID-19 outbreak, we performed single-cell RNA sequencing (scRNA-seq) analysis to identify candidate kidney host cells in the present study.

First, we drafted the human kidney cell atlas with 42,589 cells from 15 normal kidney samples in three data sets for scRNA-seq analysis (Fig. S1A, Methods in the eSupplement). Subsequently, we clearly identified 19 clusters with significant differences in transcriptional activity and signature gene expression (Fig. S1A--C). Colocalization analysis of ACE2 and TMPRSS genes showed relatively high coexpression in podocytes and proximal straight tubule cells, which were identified as candidate host cells (Fig. [1](#Fig1){ref-type="fig"}a, b). The TMPRSS2 gene, as one of the most important mediators of SARS-CoV-2 enter into host cells \[[@CR4]\], was found to be coexpressed with ACE2 in podocytes (Fig. S2A).Fig. 1Identification of kidney host cells by scRNA-seq analysis. **a** Feature plots show the expression of ACE2 (red) and TMPRSS genes (blue) in kidney epithelial cells. The merged image shows the coexpression of ACE2 and TMPRSS genes, especially in proximal tubules and podocytes. **b** Box plots show the expression of ACE2 and the mean expression of the TMPRSS family genes in the 19 clusters of kidney cells. The expression is presented as the log2 (TP10K + 1) value

Second, although there was no significant difference in the expression of TMPRSS genes, the expression of the receptor ACE2 in podocytes and proximal straight tubule cells in Occidental donors was more pronounced than that in Asian donors (Fig. S2B), suggesting that Occidental populations might be at higher risk for developing AKI in COVID-19. In addition, comparative analysis showed that the coexpression of the receptor ACE2 and TMPRSS genes in kidney cells was no less than that in the lung, oesophagus, small intestine and colon (Fig. S2C), suggesting that the kidney might also be an important target organ for SARS-CoV-2.

Finally, our study clearly identified podocytes and proximal straight tubule cells as kidney host cells. Podocytes and proximal straight tubule cells play critical roles in urine filtration, reabsorption and excretion. Notably, podocytes are particularly vulnerable to viral and bacterial attacks, and podocyte injury easily induces heavy proteinuria \[[@CR5]\]. As recent research data showed, 43.9% of SARS-CoV-2-infected patients, especially those with AKI, had proteinuria \[[@CR6]\]. Moreover, a recent study reported the detection of SARS-CoV-2 infection in urine samples of patients with severe COVID-19 \[[@CR3]\]. Furthermore, the entry of SARS-CoV-2 into the systemic circulation is also a key process that leads to AKI. According to published data, the length of time between the detection of SARS-CoV-2 in blood samples and AKI occurrence was approximately 7 days \[[@CR1]\].

Based on our findings, we conclude that the cytopathic effects of SARS-CoV-2 on podocytes and proximal straight tubule cells may cause AKI in patients with COVID-19, especially in patients with SARS-CoV-2 infection in blood samples. Therefore, we need to pay more attention to the early monitoring of renal function and cautiously handle the urine of COVID-19 patients with AKI to prevent accidental infection. However, our findings were based on an analysis of normal kidney cells: the proposed mechanism of the pathophysiology of AKI during COVID-19 still needs to be validated in autopsy tissues from COVID-19 patients and functional experiments in animals and cells.
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